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(54) CRYSTAL OSCILLATOR 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a crystal 
oscillator capable of reducing the increase in the 
equivalent parallel capacity by reducing the parasitic 
capacity due to a ceramic container of the crystal 
oscillator, and realizing miniaturization. 
SOLUTION: A seal ring 25 of a ground potential is 
mounted on the periphery of the cavity opening of a 
ceramic container 2 formed with a cavity part 20 for 
housing a crystal vibrator 3 on the upper face of 
dielectric substrates 21 and 22, and a metallic cover 
body 5 for seaHng the cavity 20 is welded to the seal ring 
25 of the ground potential. Then, electrode pads 23 for 
input/output, input and output terminals {external 
terminal electrodes) 24a formed so as to be faced 

through the dielectric substrates 21 and 22 to the electrode pads 23 for input/output on the 
lower face of the dielectric substrates 21 and 22, and a via hole conductor for connecting the 
electrode pads 23 for input/output to the input and output terminals through the thickness 
direction of the dielectric substrates, are formed at one edge side of the bottom face of the 
cavity 20. In this case, the input and output terminals are disposed in the frame of the seal 
ring when this ceramic container 2 is flatly viewed. 
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(54) [Title of the Invention] CRYSTAL OSCILLATOR 



(57) [Abstract] 
[Problem] 

To provide a crystal oscillator where the control of parasitic capacitance, caused by a 
ceramic container of a crystal oscillator, when small, results in controlling the increase of 
equivalent parallel capacitance, and enables miniaturization. 

[Resolution Means] 

Construction is such that a seal ring 25 that has ground potential is installed around the 
periphery of the cavity opening of a ceramic container 2, where a cavity portion 20 where 
a quartz resonator 3 is accommodated on the upper surface of dielectric substrates 21 & 
22 has been formed, and concurrently, a metal cover 5 for sealing the cavity portion 20 is 
welded to the seal ring 25; and, input & output electrode pads 23 are formed at one end 
side of the bottom surface of the cavity portion 20, input & output terminals (external 
terminal electrodes) 24a that face the input & output electrode pads 23 via the dielectric 
substrates 21 & 22, respectively, are formed on the lower surface of the dielectric 
substrates 21 & 22; and, via-hole conductors that connect the input & output electrode 
pads 23 and the input & output terminals by penetrating through the thickness direction 



of the dielectric surfaces are formed; and, when the ceramic container 2 is viewed along a 
plane, the input & output terminals are arranged within a feme of the seal ring. 
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Scope of Patent Claims 



Claim 1. 

A crystal oscillator wherein, in a crystal oscillator where a seal ring that has a ground 
potential is installed around the periphery of a cavity opening of a ceramic container 
where a cavity in which a quartz resonator is accommodated, is formed on the upper 
surface of dielectric substrates; and concurrently, where a metal cover that seals the 
cavity is welded to the seal ring, and it includes an input electrode pad and an output 
electrode pad, formed on a portion of the bottom surfece of the cavity; 
an input terminal and an output terminal, formed on the lower surfece of the dielectric 
surface so as to face the input electrode pad and the output electrode pad with each other; 
a 1* via-hole conductor, which connects the input electrode pad with the input terminal 
with each other by penetrating through the thickness direction of the dielectric substrates; 
and 

a 2 nd via-hole conductor, which connects the output electrode pad with the output 
terminal with each other by penetrating through the thickness direction of the dielectric 
substrates; and, 

the input electrode pad, output electrode pad, input terminal and output terminal are 
arranged within a frame of the seal ring when the ceramic container is viewed along a 
plane. 



DETAILED EXPLANATION OF THE INVENTION 
[0001] 

[Technical Field of the Invention] 

The present invention relates to a crystal oscillator formed by accommodating a quartz 
resonator in a container-state substrate, and particularly relates to a crystal oscillator 
where an electrical characteristics effect is controlled even when miniaturized. 

[0002] 
[Prior Art] 

As a crystal oscillator comprising an example of a conventional crystal oscillator, the 
structure shown in Fig. 3 through Fig. 5 is already been known. A crystal oscillator 51 is 
mainly composed with a ceramic container 52, a quartz resonator 53 and an electro- 
conductive adhesive member 54. The ceramic container 52 is formed by laminating a 
plate-state dielectric substrate 521 and a frame-state dielectric substrate 522. In addition, 
electrode pads 523a and 523b are formed at both ends of one shorter side on the surface 
of the plate-state dielectric substrate 521 where the quartz resonator 53 is mounted, so as 
to face extractor electrodes (not shown), situated on the lower surfece of the quartz 
resonator 53. Further, multiple external terminal electrodes 524, for electrically 
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connecting to the electrode pads 523a & 523b and for joining an external printed circuit 
board, are formed on the lower surface of the ceramic container 52; in other words, on 
the rear surface of the plate-state dielectric substrate 521 . Normally, as shown in Fig. 4, 
an input terminal and an output terminal of the crystal oscillator 51 are connected to 
either the #1 external terminal electrode or the #3 external terminal electrode among the 
multiple external terminal electrodes 524, respectively, these terminals being formed in 
positions opposite to each other along a diagonal line, as the external terminal electrodes 
524 of the crystal oscillator 51. 

[0003] 

Therefore, a recording electrode 5231a, formed on the upper surface of the plate-state 
dielectric substrate 521, passes through a overlapped portion 5230a, situated at the 
underside of the frame-state dielectric substrate 522 that has a seal ring 525 on the upper 
surface, from the electrode pad 523a that is connected to the input & output terminals of 
the crystal oscillator 51 . In addition, it is connected to the #3 external terminal electrode 
524 via a vertical groove 523 lb on the corner (upper right in Fig. 4) of the plate-state 
dielectric substrate 521. Furthermore, the seal ring 525 has ground potential. 

[0004] 

Similarly, it passes through an overlapped portion 5230b, situated on the underside of the 
frame-state dielectric substrate 522, from the electrode pad 523b, and in addition is 
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connected to the #1 external terminal electrode 524 through a vertical groove 5231c on 
the corner (lower left in Fig. 4), opposite from the above-mentioned comer [where the 
vertical groove 5231b is situated]. Furthermore, the vertical grooves 5231b and 5231c 
are utilized as portions to form a meniscus state on the occasion of soldering & mounting 
on a main substrate. 

[0005] 

Then, an electro-conductive resin paste comprising the electro-conductive adhesive 
member 54, is applied on the electrode pads 523a and 523b; an extractor electrode (not 
shown), situated on the lower surface of the quartz resonator 53 abuts electrode pads 
523a & 523b via the electro-conductive paste; and hardening the electro-conductive resin 
paste results in mechanically joining and electrically connecting to the plate-state 
dielectric substrate 521 with the quartz resonator 53. 

[0006] 

After the quartz resonator 53 is accommodated and arranged in the cavity 520, a cover 55 
is adhered onto the ceramic container 52 in order to seal the quartz resonator 53 in an 
airtight state. 

[0007] 
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[Problems Overcome by the Invention] 

In the crystal oscillator 51 , the electrode pad 523a is connected to the #3 external terminal 
electrode 524 through the recording electrode 5231a. Conversely, the electrode pad 523b 
is connected to the #1 external terminal electrode 524. 

[0008] 

In order to accomplish this wiring, the overlapped portions 5230a & 5230b are formed at 
positions corresponding to the seal ring 525 that has a ground potential via only the 
frame-state dielectric substrate 522, and the overlapped portions 5230a & 5230b and the 
seal ring 25 [sic] are arranged in a close vicinity, so the overlapped portions 5230a & 
5230b and the seal ring 525, for example, have parasitic capacitance at the input side and 
the output side as a whole of the ceramic container 52, respectively. Further, the #1 
external terminal electrode 524 and the #3 external terminal electrode 524, which will be 
input & output terminals overlap with the seal ring 525 via the frame-state dielectric 
substrate 522 and the plate-state dielectric substrate 521, so these portions also have 
parasitic capacitance. 

[0009] 

Having parasitic capacitance causes the following problems in the crystal oscillator 51 . 
In other words, as shown in Fig. 5, an equivalent circuit of the quartz resonator 53 is 



constructed such that an equivalent series resistance Ri, an equivalent series capacitance 
Ci formed at oscillation points of excitation electrodes 531 and 533, and an equivalent 
inductance Li are connected in series; and an equivalent parallel capacitance Co, which 
relies upon the areas of the excitation electrodes 53 1 and 533, is connected with the 
equivalent series resistance Ri, the equivalent series capacitance Ci and the equivalent 
inductance Li in parallel Further, this is not shown in the equivalent circuit of the quartz 
resonator 53. However, the equivalent circuit of the quartz resonator 53 is formed in the 
state where the load capacitance C L , which is mainly constructed with an oscillating 
circuits), is charged. 

[0010] 

In actuality, the equivalent parallel capacitance Co of the crystal oscillator 51 has a value 
comprising a combination of the capacitance between the excitation electrodes 531 & 533 
of the quartz resonator 53 and the parasitic capacitance of the container 2. Therefore, the 
equivalent parallel capacitance C 0 becomes greater by the parasitic capacitance, and 
causes the reduction of a frequency variable sensitivity S. In other words, the frequency 
variable sensitivity S can be expressed as follows: 

Frequency variable sensitivity S = Ci / {2(C 0 + Cl) 2 } 

[0011] 
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Conventionally, the equivalent parallel capacitance Co of the quartz resonator 53 is, for 
example, 2 through 3 pF, so the influence by the parasitic capacitance included in the 
equivalent parallel capacitance Co, is less. However, the miniaturization of the crystal 
oscillator 5 1 results in the miniaturization of the excitation electrodes in the quartz 
resonator 53 . Associated with miniaturization, the equivalent parallel capacitance Co 
decreases to 1 through 1 .5 pF. The ratio of the parasitic capacitance included in the 
equivalent parallel capacitance C 0 becomes higher, so the influence to the frequency 
variable sensitivity S cannot be ignored. 

[0012] 

In other words, the equivalent parallel capacitance Co is expressed according to the 
capacitance between the excitation electrodes, so the value is determined according to the 
frequency (the thickness of the crystal substrate) and the areas of the excitation electrodes. 
In the case of the miniaturization, the areas of the excitation electrodes become small, so 
the equivalent parallel capacitance Co also becomes small. Further, in small-sized 
products, the electrode area becomes small and the equivalent series capacitance Ci of the 
quartz resonator 53 also becomes small. Consequently, in all events, it becomes difficult 
to have a large frequency variable sensitivity S resulting from the miniaturization of the 
crystal oscillator 5 1 , so that miniaturization is not achieved. 

[0013] 
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Consequently, in the case of using the crystal oscillator 51 where the frequency variable 
sensitivity S has become small, for example, with a voltage control crystal oscillator 
(VCXO), it is known that a problem occurs where a frequency variable range becomes 
narrow, and, with a temperature compensation crystal oscillator (TCXO), it is known that 
it is difficult to keep a desired frequency within a desired intersection [sic] 

[0014] 

The present invention has been devised in consideration of the above-mentioned 
problems, and its objective is to provide a crystal oscillator where the control of the 
parasitic capacitance caused by a ceramic container of the crystal oscillator, at a 
minimum, results in the control of the increase of the equivalent parallel capacitance and 
enables miniaturization. 

[0015] 

[Problem Resolution Means] 

For the purpose of resolving the above-mentioned problem, the present invention is 
provided with a crystal oscillator characterized by the feet that, in a crystal oscillator 
where a seal ring that has a ground potential is installed around the periphery of a cavity 
opening of a ceramic container where a cavity, where a quartz resonator is 
accommodated, is formed on the upper surface of dielectric substrates; and concurrently, 
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where a metal cover that seals the above-mentioned cavity is welded to the seal ring, it 
includes an input electrode pad and an output electrode pad formed on a portion of the 
bottom surface of the above-mentioned cavity; 

an input terminal and an output terminal, which are formed on the lower surface of the 
above-mentioned dielectric surface so as to face the above-mentioned input electrode pad 
and output electrode pad with each other; 

a 1 st via-hole conductor, which connects the above-mentioned input electrode pad with 
the above-mentioned input terminal with each other by penetrating through the thickness 
direction of the above-mentioned dielectric substrate; and 

a 2 nd via-hole conductor, which connects the above-mentioned output electrode pad with 
the above-mentioned output terminal with each other by penetrating through the 
thickness direction of the above-mentioned dielectric substrate; and, 
the above-mentioned input electrode pad, output electrode pad, input terminal and output 
terminal are arranged within a frame of the above-mentioned seal ring when the above- 
mentioned ceramic container is viewed along a plane. 

[Operation] 

According to the construction of the present invention, the input electrode pad and the 
output electrode pad are formed on a portion of the bottom surface of the cavity, and the 
input terminal and the output terminal, which face the input electrode pad and output 
electrode pad via the dielectric substrate, respectively, are formed on the lower surface of 
the dielectric substrate. In addition, the input electrode pad & the input terminal and the 
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output electrode pad & the output terminal are connected to each other by the via-hole 
conductor, which penetrates through the direction of the thickness of the dielectric 
substrate, respectively. 

[0016] 

In other words, the input & output electrode pads and the input & output terminals are 
formed at one side of the ceramic container, respectively, and are directly connected with 
each other by the via-hole conductors, respectively, so that the arrangement is not one 
where these overlap with the seal ring, which has a ground potential, via the dielectric 
substrate, and stray capacitance can become less. 

[0017] 

In addition, when the ceramic container is viewed along a plane, the input electrode pad, 
the output electrode pad, the input terminal and the output terminal are arranged within a 
frame of the seal ring, so neither the input terminal nor the output terminal overlap with 
the seal ring via the dielectric substrate, so the stray capacitance generated by the input & 
output terminals and the seal ring, can be less. Consequently, the reduction of the 
frequency sensitivity of the crystal oscillator can be prevented, and it is possible to 
control the reduction of the frequency sensitivity even if the crystal oscillator is 
miniaturized. 
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[0018] 



Further, if the input & output terminals are formed at one side of the ceramic container, 
respectively, they are generally connected to the input side and the output side of a 
transistor, in parallel to or in the vicinity of a transistor or IC at one side, so the 
connection wiring of the transistor generally can be formed to be the shortest without a 
complex layout on the substrate. 



[0019] 

[Embodiment of the Invention] 

The crystal oscillator for the present invention is explained in detail hereafter, based upon 
the drawings. 

[0020] 

Fig. 1 is a top view of a ceramic container 2 used for a crystal oscillator 1, and Fig. 2 is a 
side cross-sectional view. Furthermore, in Fig. 1, in order to easily understand the 
position relationship between input & output electrode pads 23 & 23 and external 
terminal electrodes 24a & 24b, a plate-state dielectric substrate 21 , situated on the bottom 
surface of the ceramic container 2, is shown via transparency. 
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[0021] 



The crystal oscillator 1 is comprised of the ceramic container 2, a quartz resonator 3, an 
electro-conductive adhesive member 4 and a metal cover 5. 

[0022] 

The ceramic container 2 is constructed by laminating dielectric substrates, so a 
rectangular plate-state dielectric substrate 21 and a frame-state dielectric substrate 22 are 
laminated, respectively. 

In addition, the ceramic container 2 is composed of a seal ring 25, installed around the 
periphery of the upper surface of the opening of the frame-state dielectric substrate 22, 

[0023] 

The seal ring 25 is made from metal, such as Fe - Ni, or Fe - Ni - Co, and is fixed by 
brazing on the upper surface of the frame-state dielectric substrate 22 via a metallic layer 
(not shown). As a whole, as shown in Fig. 2, a rectangular cavity portion 20, which has 
an opening at the surface side, and where the quartz resonator 3 is accommodated, is 
formed. 
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[0024] 



In addition, a pair of the input & output electrode pads 23 & 23, which accomplish an 
electric connection with the quartz resonator 3, are formed on the bottom surface of the 
cavity portion 20; in other words, at one side (left side in Fig. 1) of the surface of the 
plate-state dielectric substrate 21 . It is mentioned that these input & output electrode 
pads 23 & 23 are formed at one side of the cavity. However, the invention is not limited 
to this arrangement, and the electrode pads can be formed at a portion of either side. In 
the drawing, the input & output electrode pads 23 & 23 are separated and formed along 
the width direction (the vertical direction in Fig. 1) at one side, respectively. The 
configuration is roughly rectangular. 

[0025] 

Further, external terminal electrodes 24a & 24a for electrically connecting to the input & 
output electrode pads 23 & 23 and for joining an external circuit substrate, are formed on 
the lower surface of the ceramic container 2; in other words, on the rear surface of the 
plate-state dielectric substrate 21, which is situated opposite from the cavity 20. These 
external terminal electrodes 24a & 24a become the input and output terminals: Further, 
when the ceramic container 2 is viewed along a plane, the input & output electrode pads 
23 & 23 and the external terminal electrodes 24a & 24a are arranged within the frame of 
the seal ring 25. 



[0026] 



In addition, external terminal electrodes 24b & 24b, which are for electrically connecting 
to the seal ring 25 and for joining the external circuit substrate, are also formed. One of 
the external terminal electrodes 24b & 24b become a ground terminal. 

[0027] 

External terminal electrodes 24a & 24a are formed in the positions on the plate-state 
dielectric substrate 21, which correspond to the input & output electrode pads 23 & 23, 
respectively. These are connected only by a via-hole conductor 21a, which penetrates the 
ceramic container 2. 

[0028] 

In addition, concerning the seal ring 25 joined with the upper side of the plate-state 
dielectric substrate 21, as mentioned above, the via hole [conductor] 21a is formed on the 
underside of a portion situated in the upper portion of the external terminal electrodes 24b 
& 24b, and is connected in its entirety to the ground. 

[0029] 
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The present invention is designed so that the formation positions of the external terminal 
electrodes 24a & 24a face the positions of the input & output electrode pads 23 & 23, 
respectively, and the external terminal electrodes 24a & 24a are electrically connected to 
the input & output electrode pads 23 & 23 only by the via-hole [conductor] 21a, which 
penetrates the plate-state dielectric substrate 21 through the thickness direction, 
respectively. 

[0030] 

Further, band-state or dot-state bumps are formed, for example, close to the center of the 
cavity 20 on the input & output electrode pads 23 and 23. As a formation method, for 
example, these bumps are formed by the printing overlapping multiple electro-conductive 
resin pastes. 

[0031] 

The input & output electrode pads 23 & 23, metallic layer, and bumps are made from 
metal, such as molybdenum or tungsten. These conductors (the input & output electrode 
pads 23 & 23, the conductive film and the bumps) are formed by burning the electro- 
conductive paste into the surface of the [plate-state dielectric] substrate 21, Subsequently, 
a plating process with Ni and/or Au is performed on the surface. Furthermore, for the 
electrode pads 23 & 23 and the bumps, a conductor comprising a base conductor layer of 
the input & output electrode pads 23 & 23, is formed by printing, using the metal paste. 



After drying, formation by printing using the above-mentioned metal paste is performed 
on the surface again, depending upon the configuration of the bumps, after which a 
burning process is collectively performed to both, and a plating process is performed. 
The thickness of the conductors (the input & output electrode pads 23 & 23, the 
conductive film and the bumps) is approximately 10 urn through 30 um. 



[0032] 



Quartz resonator 3, as shown in Fig. 2 [sic], comprising a rectangular crystal substrate 30, 
is for example, cut by following a predetermined crystal orientation angle (AT cut); 
excitation electrodes 53a, which are formed by adhering at the position where both main 
surfaces of the crystal substrate 30 face each other; and extractor electrodes 53b, which 
are extended along the shorter side direction of the crystal substrate 30 from a pair of the 
excitation electrodes 53a, respectively. Each extractor electrode 53b is extended 
generally to the outside of the width direction of the crystal substrate 30, and is connected 
to the other extractor electrode 53b, formed on the other main surface of the crystal 
substrate 30. In other words, the extractor electrodes 53b are formed on both of the main 
surfaces of the crystal substrate 30. The extractor electrodes 53b, which have been 
formed at the positions where both of the main surfaces roughly correspond with each 
other, are connected via the end surface along the longer side direction of the adjacent 
crystal substrate 30. 
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Then, the extractor electrodes 53b, which are extended to the lower surface of the fixed 
end portion of the quartz resonator 3, are arranged so as to face the electrode pads 23 & 
23, formed on the surface of the plate-state dielectric substrate 21, respectively. These 
are mechanically and electrically connected by the electro-conductive adhesive member 4. 
Further, if the configuration^) or the position(s) of the input & output electrode pads 23 
& 23 is changed, the connection of the extractor electrodes of the quartz resonator 3 can 
also be performed using another method, such as a wire bonding. 

[0034] 

Electro-conductive adhesive member 4, which electrically connects and provides 
mechanical securement between the input & output electrode pads 23 & 23 on the plate- 
state dielectric substrate 21 and the extractor electrodes of the quartz resonator 3 
comprising the ceramic container 2, is an electro-conductive resin paste where a resin, 
which has the characteristic of contracting upon hardening [process], such as silicone- 
base, epoxy-base or polyimi de-base, and Ag powder are mixed. The hardening process 
of the electro-conductive resin paste results in obtaining the electro-conductive adhesive 
member 4. 



[0035] 



The metal cover 5 is made from substantially plate-state metal, such as Fe - Ni alloy (42 
alloy) or Fe - Ni - Co alloy (covar). Metal cover 5 is provides a seal for the 
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accommodation region of the quartz resonator 3 in an airtight state using nitrogen gas or 
a vacuum. This metal cover 5 is mounted on the seal ring 25 of the ceramic container 2, 
and seam welding is performed by applying a predetermined electric current to weld the 
metal onto the surface of the seal ring 25 and the metal of the metal cover 5. 

[0036] 

The production of the described crystal oscillator, as shown in Fig. 4, results in the 
formation of both the external terminal electrode 24a on the input side of the crystal 
oscillator 1 and the external terminal electrode 24a on the output side on the same one 
side on the lower surface of the crystal oscillator 1 , so it becomes possible to connect the 
crystal oscillator 1 with an IC and a transistor generally via the shortest wiring, on the 
dielectric substrate where the crystal oscillator 1 is mounted. 

[0037] 

The above-mentioned crystal oscillator is formed as follows: 
[0038] 

At first, crystal oscillators 3 are prepared where the excitation electrodes have been 
formed on both main surfaces of the crystal substrate 30, and where the extractor 
electrodes have been formed on the lower surface of the fixed end portion. 
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Simultaneously, ceramic container 2 is prepared where the electrode pads 23 & 23, the 
metallic layer and the seal ring 25 have been formed, and the metal cover 5. Next, an 
electro-conductive resin paste is supplied and applied, to become the electro-conductive 
adhesive member 4, onto the input & output electrode pads 23 & 23 using a dispenser. 
Next the fixed end portion of the quartz resonator 3 is mounted onto the electro- 
conductive resin paste, which domes to become roughly semi-spheric, resulting in the 
abutment between the extractor electrodes, positioned at the fixed end portion of the 
quartz resonator 3, and the electro-conductive resin paste on the input & output electrode 
pads 23 & 23. 

[0039] 

[Efficacy of the Invention] 

With the present invention, in the case that a quartz resonator is mounted on the input & 
output electrode pads, they are connected by an electro-conductive adhesive member, and 
produced as a crystal oscillator, which, at a minimum, can control parasitic capacitance, 
This enables a great variable range of oscillating frequency. 

[0040] 

Further, external terminal electrodes equivalent to the input terminal and the output 
terminal of the crystal oscillator can be formed adjacent to the same side, making it 
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possible to have the shortest wiring extension of a substrate where the crystal oscillator 
mounted. 



-23- 



Brief explanation of Drawings 



[Fig. 1] 

Fig. 1 is a top view of the external terminal electrodes on the rear surface of the crystal 
oscillator for the present invention via transparency. 

[Fig. 2] 

Fig. 2 is a side cross sectional view of the crystal oscillator for the present invention. 
[Fig. 3] 

Fig. 3 is a side cross sectional view of a conventional crystal oscillator. 
[Fig. 4] 

Fig. 4 is a top view of a ceramic container, which is used for a conventional crystal 
oscillator. 

[Fig. 5] 

Fig. 5 is an equivalent circuit diagram of the crystal oscillator. 



-24- 



[Explanation of the Symbols] 

1 . . . crystal oscillator 

2 ... . container 

20 ... cavity portion 

21 ... plate-state dielectric substrate 

22 ... frame-state dielectric substrate 

23 and 23 . . . input & output electrode pads 
24a and 24b . . . external terminal electrodes 

3 ... quartz resonator 
30 . . . crystal substrate 

4 ... electro-conductive adhesive member 

5 . . . metal cover 



FIG. 1 
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FIG. 3 
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FIG. 5 
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/t„ MH6^5 1lt -fe9 5yi7^*5 2, Tk&JgiS 

5„ t7? ^^5 2li, ¥«#S$®#*«5 21i 
##4K3tS#g« 5 2 2 Jf LTft •? , £ £>K. 
JHB^-5.3 ¥«#3i«#3&K 5 2 1 co^Sco 

(TEI^) £**|6j-t-3 J: 5fc©ffi'*« K5 2 3 a, 5 2 
3b*5M$M^5„ t7? y?®&5 2 COT 

E. SP*>¥«#$i®#S«5 2 lco*ffiJcfi, 9.m'<y 
K6 2 3i, 5 2 3 b &m*tftlwttiEU fl-gPT'y V h 

ffijjSS«t«-g-f-57t*c0^cO^-ffliSiS^@5 2 4*5 

*>. 04 IC^f «fc 5 K*,g,3§lgiF- 5 1 COA^iSS^Rtftti 

MH+itztiztuMmm+wmn (#1) so 5 (» 
3) co(pr^i^$tv. tKS^s^ 5 i (o^gsss^a 

[0 0 0 3] ftoT, *SISlg^5 \ <OKmt)^t^ 
m-tZWrn^y KS 2 3ai4^TfittSimSffiS 2 1 
JbEfw^$^fc«mmffi5 2 3 1 aA5J;il;i/-/H) 



(2) 

2 

>y*S 2 5^tt5#M^l»I«5 2 2C0T<I!|C0* 

S9i5 2 30a srai§.L-c, $ biz.w$Mn,&mm 5 

2 1<0£gB (E14-C-»±*±) <Dmm5 2 3 1 b$rS*U 
-Cfl-gBaSKPm*l5 2 4CD# 3K«j^$;h-5. &*5. v— 

^y v^5 2 5te?7^Kffiffcu:$;h/0''.5 <> 

[0004] *7c. l5)}$»C®ffi/* ^ K 5 2 3 b frb&W 
Mmiii 5 2 2 COTflWcOfiftgfS 5 2 3 0b 
L-C, Sfefc, ±&co£gB£*ff6]i- 2,335 (04-Cttfc 
T) <»ffim5 2 3 1 c LT^SC^®® 5 2 4c0 

»o #1 id«!K$tv5 0 **S, tfHftS 231b. 5231c 

[0 0 0 5] *rLT.. 5 2 1 t*«Sig 

»J^5 3 if*. K5 2 3 a , 5 2 3 b JbK^li 

tt«»gpfi-5 4 bKzmm.&mm^-* hsraa&u * 

5 2 3 a, 5 2 3 bSr^m+t^-^. hSr^L-CagEL-. 

r. (Dmm&mm^-x h *mt-?z> r. t k «t *> , «M*tt 

20 [0 0 0 6] ^It, *iSSf 5 3Sr^tff -f5 2 
0 TK^SftT- 5 3 Sr*MfeWte#jtt- 

[0 0 0 7] 

[^K^^Uipt-^^^jgJ *ffi|gS^5 
■C, W&*v K5 2 3 a fi©ffl®S5 2 3 1 a Sr&fi 
U ^as^m@5 2 4co# 3lCfi^£;h,. 

K52 3 b tt^gPSK^®@ 5 2 4 CO # 1 lC«R*ix 

30 [0 0 0 8 J -^coi 5 fcfetc, MgR 

5230 a, 5230b d5#«r^lt«:Sfe 5 2 2 felt 

Sr^uTy^vKm&tov— /wy v^5 2 5 t^-rs 

tte^^^H. fiagB 5 2 30a. 5230 bt->- 
T% SifB 5 230a. 5 2 30bt *s— /V ]) 2 

AJWifts^ai^iss 2 4© <# i) tn-nm* 

m«5 2 4 CO (#3) *5->-/vy y^5 2 5 

40 m«^s« 5 2 2t y-mkmn,fr&&. 5 2 1 vxm& 
$HT^5co-e, ^cog?^^■^ctJ^,^Tt$^*sr^foT 

[ 0 0 0 9 ] r. co^^*Sr^f-o r t Xfr£k&M* 5 1 
(CtJI/NTWTcOip^Pp^S^fco^ H5fcS?t 
J: 5 ^SSEbT- 5 3 co#ffilHi8Sfi. ^ffia:?!)S^:R 
lvJMHMSSl. 5 3 3coSi6<@BlTt?^$ix5^ 

11531, 5 3 3coS«lCtfc#-r3^ffiafe?lJ§*Co 
so Mft^-5 3co^ffiElK{c:TS*Tfc5^±(c^SlsIKT? 
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3 

5 3 <D*?ffi[Hj!^*S^$iX?) d t tCftS. 

[oo io] Hl£, Tkfe&M* 5 1 (omffiftfm&Co 

5 3<D&}mm,m5 31,53 3rn<D®M 
m&®*i£m&s=c l / {2 (c 0 +c L ) 2} 

[0011] t£*tt> Tk^Stti^s 3o^ffiM?iJ§*c 
0*S^Jx.fi2~3 pFfcofcfc*, -£-<E>ftA>i;r-g-£;h,5 

1 (O/J^ttc i "3 TKSlSlbT- 5 3 <r>mW^M'\<^.\k$ 
fr, ^lvJc:#oTCo^l~l. 5pFiWoTL$ 
ofc 0 ^<D*(r^£;h,5*£§»co#J^aSfl5<ft?K 1^ 

"T^&& S ^o^^M^T-* ft < ft o fc„ 
[oo 12] BP*>. ^ffiM^*c 0 fifSiS^:®Kw^ 

Stb^f-s 3©^ffiiE^*c 1 t>/h$<^5 0 :<ofc 
^T*«* S < i: 5 - 1 V < ft 9 /J*SMfcSr»*' 

[0013] rwj:?!;, mmm^&m&s&'}s<t£ 

flPzki&IBlg^- (vcxo) -eHJl&g:'BT^®H^$fe< * 
5(SS2S3g£U iaafffi^TKS^S^- (TCX 
O) TMi, FfS©JlSi^:«r*Mco^||rt{ci|xfc5r.i:^ 
K U < ft 5 d t jjsfei &JVCV ^5. 
[0 0 14] #389ite, ±xEWPS»C^T^ffl$^ 

[0015] 

t tic, SS^-^y ^IctifiS*^ XT 4 fc#jhi-5£ 
^£$HfcA##^.RtTO;*J«KFi:> SfJlEA^fflm^^ 



4 

^S«<OTffiJwfltf|EA77ffl^:^-<s' KK.tfiil7Jffi®S 
io /nV KtSim^S^Sr^L-TEV^c^iniLfcATJ^S. 

KirA^iSB-iSr, B*«««/< y ffl 

73ffi^ t SrSimtt^K^ff^filda L.fc ^T*-/w 

[0 0 16] Wh. Affl^fflSS^S' KtAm^iiSS^* 5 

i 5 ftee t ft b-r. #mm*&i>t£ < tsrtm 

20 5o 

[0 0 17] UA^t>, t?5 s/^^5r¥S^bT, A 
*flti^VK; WMtffi^s'K, A^SffiT-SO'm^ 
m^&is— /vy V^©«trttc:gEe$tbTI/->5(D-C% A77 
ffi^St^ffl^^T-«jt^i"*i;'t>*s->— /wy v^t^lg^S 
«^^ LTSV^cafti5-g- 5r t^ft^fcibtc, Atii77 

30 [0018]*^ Attl734ffiT-*5ir 9 5 f 9 ^n-?5 

I 'c*4:'ifetffcXttiSt*t-C h7V^^*jEOA*, m 
AflUfcSaJW"* J: 5 »-ft 5 fcfe, ««±<o W T -7 h «r 

^ i: ft < , h7 ^^(owmM^mm. 

[0 0 19] 

[0 0 2 0] mitt, *,SI!8ig^llc{£ffl$;h,5-fe75 
40 s/^S§g2«DJiffi|l|-efe!3, E12(±(l!l»f®lil-Cfe5o ft 
3b\ 01^*5VNTV 'AHIAfflti' < ? K2 3, 2 3St; 
^gESS^m^ 4 a % 2 4 bWteB§i^Sr^'3 J ^'f-< 

[0 0 2 1] TkS^S^ lfi> t75^??«2, TKft 

[00 2 2] t*S"y^tt2tf, $ 

so rfft#vtmm#m& 2 2 ^ - t h*hwjb $ $ t> »c# 
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5 

[0 0 2 3] ~S— /wy 5fi, Fe-Ni, Fe- 

Ni-Co<C if©^«7l>P>* 9 , #Mtl»S«2 2 

SHIifllfcHPSrtfU J.o*filB«iF3*sjR***t*« 

[0 0 2 4 J $blC^K'f-fai2 0(Dj|Effi, gp*>¥« 
2 1 (D^ffiCD— #<B0 (0 1 T?f4fcfiy<Oja) 

fctt, TKdligKi^ 3 tm^^^^ff 5 -*r<oAffi^ 
Ml^yK2S. 2 3*»riE**fCV^«. rcDAffi^ 
fflSS/^K2 3. 2 3 Sr^-T 5 cottar ■YfT 1 ^ <D— 

J*lTt>AV\ itlUffl*ffl^S'K2 3 > 2 3 

at, -2r«©*#i«ii. (0 1 -cii±T:fri6i) t5Hiu-c* 

100 2 5] t75y?§«20TI, gp*>¥« 

a, 2 4af2AW73$S : ? : i:ftS„ t??!/^ 
«H L @ffi2 4a, 2 4 a dSV— /vy V^2 5(0#rt{C|£ 

[ o o 2 6 i sic y 2 5 1 mM.mz&m 

L, *»|§II&^i:^i-Sfcft©*tWft?-WS2 4 

b, 2 4bt>»J*£*VCV*<5. 2 4 b, 2 so 

[0 0 2 71 i©« : fffi24a > 2 4 a (i, 
KRtt^Xtf 2 1 ©Affl2j/Bm«><V K 2 3 » 2 3t* 

2 1^7*-^*2 1 a »^{C«toT^$*VT 

[00 2 8] ftM©J:5K¥«#f§^#S«2 
l±tC^^HT^5v— /wy >-^2 SJCOl/^-Cfi, fl- 
ttNmtff 2 4b. 24b <D±.n\z$LW.irZ>U$r<r>Tn 

\ZX¥T*—*2 1 a tlX&Q. ±&k LTi/ «» 

[0 0 2.9] *%W-Ctt^gBSffi^m«l2 4 a> 2 4 a <D 
tefc$LW.*X\&t!mmM'* V Y 2 3 , 2 3 CDM £ #fc 
■fZXoK LX& t) . ¥fc#ffm#St£ 2 1 
(-HS-T5K'7'*;-/V2 1 a <z>Mzxm%&)lz%:iM:iv 

&m£tix\,^z>o 

[0030] AttiTJfflm®^^ y K 2 3 . 2 3 _hK 

tt, ^tff^2 0oTOt5iifl;it 1 £fcfi 



(4) 

6 

[00 3 1] ±*OAffl^lffll®^ ?K23> 23^ 

'/K2 3, 2 3, 3MtiH*/<^:/) S«2lo$i 

3, 2 3RXfsO-7\Zio^X\*, AW^ffl««^5/ K2 
3, 2 3©T*i»#Jii*S»frSr±JE«>^ilO^-^ 

^- * h -e'O-Xw KJS C X. ft&WWmft. U- • * 

JS&lfrtV rtbfe©#flc (Affl*ffltlS/<»K.2.3, 2 
3, ^ftlBk ✓O'X) .©JP*tt» Ml 0~3 0Mm-e*> 

[0 0 3 2] *JMMb?3l2, i2IOT?ti 5J£, «*. 
tf3r3B»**tt*k:«oT* y h (AT* y h) 
JSBttWjJd&SK 30t. 3 0 <Dpa£E<D*tl6] 

L*>5tt«K:**»*$*tfcSa«B5 3 «.fc v — N%> 

M«B5 3 a ^.b***M«3 0O«2l*|R|^Ka 

a®ffi5,3 b i±*me« 3 o (Dffi^iHjfl-flSfc if^mm $ 

*U *A£«3 0©^©±ffifcJBj«*;h,fcSlttiWB5 
3 b k&mZfrZ. BPh. 5\ttiMM 5. 3 b tt*A««;3 

^$^fc5IWSS5 3 bttj£^-T5*SS«3 0O«ia 

[0 0 3 3] ^LX, **fi»^3©B3ejfSSS©Tffitw 
jEtt£*kfc§lttW8 3 btt, ¥««9imfl£S«2 1© 

*s»c»j***tfcm» > '< 7K2.3, 23 (c#nrf « «t 5 
Wfc«tt**tT^a. AtaAffl^y K2 3, 

2 3 (D^^ffifi^^jEi-tUtf , *SS«)^3 <D§|ffi« 
[0 0 3 4] :oi5«ffe7 5 7^ *»2*r*lrti-*sp 

s 2 1 <DAm^m^,m^ y k 2 3 , 2 3 1 

7KSSfb^3W?lffimffii:S:mM6<)tc«iKL, 

@^-t-5«m«»^«-4i± > ->y =>>^ x . ^3t?=>^> 

sr?y >r 5 YWtzo i. 0 \zmtmznm-r 5«fw 
«rjN t a g »5fcfc if <t tft^mttWJig^-x f -e 

[0035] ^jRssit: 5 »i, ■m'g.m^mw&m. 

m*.t£, F e-N (4 27d^) -^>F e-N i - 

co-a-& (3 /<—/i/) fcara* cco.t^^jgSi 

^if-C^6<3(Citlh-t-2.t©-Cfo5 8 r.(D^«®t^(*:5 
l±, 1 7 5 ^ ? f « 2 ©-/-/V!) y ^ 2 5 $ 
JXs v—^y V^2 5©*ffi©^JSi:^JRSSlS{i!E5<D^ 
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(5) 

7 

[0 0 3 6] ±&<9£5»c*,S$gg^£fESH-3^iK 

JTf-tt«2 4 a&t*ma«©*ttSH : m*2 4 a 

^ 1 *s»**'*t5«m#**±K:-C, ftM<oEijS-C I C 

[003 7] ±i&(07KS5gS^tts KTo «t 5 l-xm 

[0 0 3 8] 7ki.S«3 0©M4BWil^i« 

ffljg:1-5o IsWtc, M/^K2 3, 2 3, 

=7 -i XISO 1 ^-^ y>^25 iWffc £ tufc-fe 9 5 v 9 

&'< y K2 3, 23 4t*5 ^mt4« 

•y K 2 3 , 2 3 -Ec^mttftM^-* h ir^^T* ^ 
b\zt*Z> 0 

[003 9] 

[IHl] 



pstc«j£5w t*s-e#5o jttuzxv. ftmm&mem 

[0 0 4 0] **»«*©A/jilifffc HjfcJShf-K: 

lEaiBOfB**»W] 

[HI] ^I^W7KS^S^-©«ffiO^$B^«^SrjS 

[0 2 ] *3g^^7KS^ST-W(il»fffil2I-C*)5. 
[GB 3 ] ^*ro7kS^S^©il!l»fffiiaT-*)5. 

[Ei4] m*<D*&#m*\t8im£K?>±7 ?9*m 

1 • • ••***»*■ 

2 • • • S3£ 

2 0- \ • =*--\r fr-fgiJ 

2 1 • • • ¥«#SSS#S« 

2 2 • • 

2 3, 2 3 • • • Atil^ffl^? K 

2 4a, 24b • •" • *80frHUl 

3 • • • TkMiMW)^ 

3 0 • • • *SStS 

4 • • • «ttttS'*ft# 

5 • • • ±m&&& 

[02] 
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(6) 



[05] 



1 — 'U0OH HVW— 1 

11 CI R1 



